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Description

FIELD OF THE INVENTION

[0001] The present invention relates to fiber-optic communication systems employing wavelength division multiplexing,
particularly to methods of controllable adding or/and dropping communication channels, to controllable and reconfigured
optical add/drop multiplexers (t-OADM and ROADM respectively) and may be used as in systems of dense wavelength
division multiplexing, so as in systems of coarse wavelength division multiplexing.

BACKGROUND OF THE INVENTION

[0002] From WO 98/04954 A1 a tunable add/drop optical device for injecting or extracting (add/drop) at least a selected
optical channel or carrier wavelength is known. This device comprises a plurality of directional couplers (AD1... AD6)
and a plurality of phase-shift stages (SF1...SF5) alternately connected in cascade, wherein each phase-shift stage
defines a certain optical path length difference (DELTA L1... DELTA L5) between two distinct optical paths of the stage.
The tuning is performed modifying the refraction index of one path of said phase shift stages by means of Joule effect
heating strips (L1... L5) or by means of metallic field plates adapted to receive a signal suitable to modify the electric
field intensity. US 2003/0053747 A1 discloses a precise, tunable, low loss add/drop filter for use in fiber optic commu-
nication systems having a cascaded system of Mach-Zehnder-like stages, along with reflective elements to return passed
channels to the output pass+add signal while transmitted signals appear at the drop port. The optional add signal follows
the reverse path of the drop signal and is added to the pass signal.
[0003] At the present time to increase transmission capacity of fiber-optic communication systems wavelength division
multiplexing technologies are used. There are two main fields of WDM application - dense wavelength division multiplexing
(DWDM) and coarse wavelength division multiplexing (CWDM). DWDM technologies are mainly used in long-haul tel-
ecommunication systems and CWDM technologies are used in metro and access networks.
[0004] The DWDM is high-capacity optical-transport technology, but its price is rather high. An international standard
wavelength grid, suggested by the International Telecommunication Union (ITU), provides the following frequency sep-
arations: 200, 100, 50 or 25 GHz (wavelength spacing of 1.6, 0.8, 0.4, and 0.2 nm respectively); systems with higher
wavelength division (12,5 GHz) are already used. For CWDW systems number of wavelengths that can be transported
on single fiber is less than that for DWDM systems, the channel spacing, recommended by ITU, is 20 nm. CWDW
technologies are simple to use and low-cost.
[0005] In nodal points of fiber-optic communication systems for adding/dropping communication channels optical
add/drop multiplexers (OADM) are usually used. They make it possible to drop one or several channels from the line
and at the same time to add the signal at the same wavelengths with new information. This provides significant increase
of effective use of communication systems. OADM with fixed channel frequencies are limited in they ability to drop
wavelength and add one to the networks by nature of fixed-wavelength transmitters deployed. Systematically growing
demands to capacity of communication systems and use of new approaches require greater flexibility than fixed (static)
add/drop devices provide, complicating networks operating and planning.
[0006] Use of dynamically reconfigured and tuned optical add/drop multiplexers (ROADM or t-OADM respectively)
remove this constrain by allowing any channel to be dropped/added at any time, providing optimal routing in hubs along
the networks. Besides that t-OADM may also be used in wavelength division systems, where wavelengths may change.
[0007] Construction ROADM, well-known to specialists in sphere of optical systems, is assembled from discrete com-
ponents including demultiplexers, switches and multiplexers. Typical multiplexers and demultiplexers include multilevel
structures on thin filters, diffraction gratings in free space optics or arrayed waveguide gratings for guided wave optics
(AWG). Optical switches, used for dropping, adding and passing channels, are as a rule, microelectricmechanical systems
(MEMS). The difficulty with this conventional approach is that it is needlessly expensive, especially if number of channels
in system is high. It is characterized by significant input losses and degradation of optical signal quality. Besides that
optical switches are susceptible to environmental effects, such as temperature changes and vibration.
[0008] Main functional element of t-OADM is tunable filter - a wavelength selective optical component in which the
central wavelength of the selected bandpass can be tuned dynamically. There are many tunable optical filters, but major
part of them because of different reasons can not be used successfully in t-OADM. For instance, tunable filters based
on acoustic-optical effect are polarization dependent, which cause many practical problems. Bragg filter is tuned be
mechanically moving or varying by resistive heater, and tuning speed is therefore comparatively slow - typically of order
of millisecond. Tunable filters of the Fabry-Perot is not feasible to achieve the necessary degree of finess in these filters;
if they can tune the WDM range, they do not have narrow enough channels, and if they narrow enough channels, they
can only tune a portion of required band.
[0009] Tunable filter based on asymmetric or unbalanced/nonsymmetrical Mach-Zehnder interferometer (further, sin-
gle-stage MZI), is characterized by low signal insertion loss, low polarization dependent, relatively low-cost. Equipped
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with electro-optic phase shifter, it can provide extremely fast tuning. It is known to those skilled in the art that multi-stage
structure on the base of asymmetric single-stage MZI with 8 or 9 stages is characterized by high selectivity and is
sufficient to cover the entire WDM band. That’s why among all tuneable filters, specified above, this tunable filter is a
more attractive choose for application in t-OADM and ROADM.
[0010] There is tunable add/drop optical multiplexer (US, 6795654, B2), that includes an input port, a drop port, an
output port, and a add port and includes means for providing an input signal consisting of channels to the input port, a
plurality of filter stages connected to the input port, each filter stage operating to selectively transmit either even or odd
channels and reflect either odd or even channels respectively, means for providing reflected channels as a pass signal
at the output port, and means for providing a transmitted channel at the drop port. Each filter stage could comprise a
fiber unbalanced MZI having a selective delay for transmitting the selected channels and a mirror for reflecting channels
not transmitted by the fiber unbalanced MZI. The means for providing reflected channels as a pass signal at the output
port and the means for providing an add signal at the add port such that the add signal follows the reverse path of the
drop signal could comprise circulators.
[0011] Use of this tunable multiplexer provides realization of the method of selectively passing and dropping channels
from an input signal (US, 6795654, B2), the method comprising the steps of: selectively transmitting either even or odd
channels and reflect either odd or even channels respectively; this operation is repeated for so many times, as it is
necessary to reflect all the channels, except desired channel; providing a transmitted channel as the drop signal at the
drop port and combining of reflected channels at the drop port, providing an add signal at the add port and combining
the add signal and the pass signals.
[0012] Scheme of one of such multiplexer - device 10 - is shown on Fig. 1. Multiplexer 10 has an input port 11, an
output pass+add port 12, an output drop port 13, an add port 14 and includes three one-stage MZIs: 15-1, 15-2 and
15-3, formed with the help of three coupler pairs {16-1, 16- 2}, {16-3, 16-4} and {16-5, 16-6} and, as interferometer arms,
connecting optical fibers {17-1,17-2}, {17-3,17-4} and {17-5,17-6}. The difference in optical path of arms in three inter-
ferometers increases for two times during transfer to the next interferometer.
[0013] Every of three specified single-stage MZI 15-1, 15-2 and 15-3 transmit the selected channels and with the help
of fiber-optical mirrors 15-1-1, 15-2-1 and 15-3-1 reflects and returns back even or odd channels respectively. Two signal
routing components are used: circulator 18-1, connected with add 11 and pass 12 ports, meant for providing an input

signal consisting of channel to the input port 11  for providing reflected channels as a pass signal at the output
pass+add port 12, and circulator 18-2 - for transmitting of channel at the output drop port 13 and for providing an add
signal at the add port 14 such that the add signal follows the reverse path of the drop signal.
[0014] Three-stage structure provides drop of one channel during add of 8 channels at the add port and add of the
new channel in spite of dropped one. Tunable phase shifters 15-1-2, 15-2-2 and 15-3-2, installed in one of the arms of
every of three interferometers 15-1, 15-2 and 15-3 respectively, are used for controllable tuning of spectral characteristics
of the specified one-stage MZIs 15-1, 15-2 and 15-3 and in that way for add/drop of any of eight channels.
[0015] According to patent (US, 6795654, B2), other proposed variants propose to make single-stage MZI with the
help of discrete elements: splitters, mirror-prisms, polarizer and modernized Layot filters. As an alternative to mirrors
15-1-1, 15-2-1 and 15-3-1 and circulators 18-1 and 18-2 it is possible to use an additional structure of optical filters on
single-stage MZI for transmitting of channels to output add/pass port 12.
[0016] Device, specified above, provides add and drop any of eight channels of optical network. However, the device
suffers from several essential downsides.
[0017] It is known to specialists in sphere of optical networks that structure, described above, contains a lot of optical
elements - one-stage MZI in fiber or discrete versions, mirrors and circulators, and is rather large-dimensioned and can
not be reliable and stable in real conditions, because one-stage MZI are very susceptible to environmental effects, such
as temperature changes, vibrations and other factors. That’s why realization of such devices requires another approach
that provides use of integral-optical technologies. It is also known that one-stage MZIs transmissions are characterized
by the non-flatness in passband and also the narrowness of the stopband that may cause a crosstalk and low isolation
between adjacent channels. Besides that, one-stage MZIs cause undesirable large dispersion into a filtered channel,
that during rapid transmission causes pulse widening data signal.
[0018] It is known that two-stage unbalanced MZIs or multi-stage unbalanced MZIs (further two-stage and multi-stage
MZIs) have better spectral characteristics and lower dispersion, but these devices are not bidirectional and that’s why
can not be used in add/drop multiplexer 10, described above.
[0019] To provide possibility of integral-optical construction of controllable optical add/drop multiplexer it is necessary
to reduce amount of used optical elements and eliminate circulators and mirrors, because they are not compatible with
integral-optical technology. Reduce of amount of used optical elements is also rational from financial point of view (price
of device will be smaller).
[0020] So, creation of methods of controllable add/drop and controllable optical add/drop multiplexer that is less
engineered and meets present requirements concerning channels insulation and dispersion, and may be executed in
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integral-optical version is an actual problem. It is desirable for such device to have additional functional opportunities,
to be maximally dynamic and enough flexible, i.e. to provide best ratio technical characteristics-price for different appli-
cations.

SUMMARY OF THE INVENTION

[0021] The present invention is directed to devices for dropping and adding a user-chosen wavelength channel from
multi-channel optical signal with the help of selection of channel by control of spectral characteristics of filtering stages
of optical add/drop multiplexer; and to provide further drop of desired channel, transmission of undesired channels, add
of new signal according to claim 1.
[0022] The invention is solely defined by the appended claims. Embodiments not fully falling under the scope of the
appended claims are to be understood merely as examples useful for understanding the invention.

BRIF DESCRIPTION OF DRAWINGS

[0023] Further the invention is explained by description of examples of method of controllable selective add/drop of
channel in fiber-optical communication system with wavelength division multiplexing of 2N channels, which optical fre-
quencies may tune, but spectral interval Δv between adjacent channels remains constant, with the help of controllable
optical add/drop multiplexers and attached drawing, where the following is shown:

Fig. 1 - is a scheme of tunable optical add/drop multiplexer of the prior art;
Fig. 2a - is a scheme of a waveguide unbalanced single-stage Mach-Zehnder interferometer;
Fig. 2b - is a block diagram of the unbalanced single-stage MZI, shown on Fig. 2a;
Fig. 3 - transmission of an unbalanced single-stage MZI, shown on Fig. 2a;
Fig. 4a - is a scheme of a waveguide unbalanced two-stage MZI;
Fig. 4b - is a block diagram of the unbalanced two-stage MZI, shown on Fig. 4a;
Fig. 5 - transmission of an unbalanced two-stage MZI, shown on Fig. 4a;
Fig. 6a - is a scheme of multi-stage filter that contains three two-stage MZI;
Fig. 6b - is a block diagram of multi-stage filter, shown on Fig. 6a;
Fig.7 - is a scheme of controllable optical add/drop multiplexer that contains one-stage MZIs, with illustration of
operation during supply of optical signal with 8 CWDM channels to input port;
Fig.8 - is a scheme of controllable optical add/drop multiplexer that contains multi-stage MZIs, with illustration of
operation during supply of optical signal with 64 DWDM channels to input port; and
Fig. 9 - is a scheme of controllable optical add/drop multiplexer that in compliance with the invention contains one-
stage, two-stage and multi-stage MZIs, with illustration of operation during supply of optical signal with 64 DWDM
channels to input port.

DETALED DESCRIPTION OF PREFERRED EMBODIMENTS

[0024] In compliance with the invention, main element of controllable optical add/drop multiplexer is known and widely
used in optics device - asymmetric Mach-Zender interferometer, or so called one-stage MZI (M. Born, E. Wolf. "Prinsiples
of Optics", Pergamon Press, Oxford, Fifth Edition, 1975, pp. 312-316). One-stage MZI is an interferometer with two
parallel single-mode arms running between a pair of coupling stages. Term "asymmetric" means that arm lengths of
MZI are not equal. Differences in length, temperature and other parameters of interferometer arms cause a phase shift
that can cause constructive or destructive interference.
[0025] Variants of MZI, made with the help of fiber-optical couplers, beam splitters, mirror-prisms, polarizers and other
elements are discussed above during description of controllable optical add/drop multiplexer (US, 6795654, B2).
[0026] A typical layout of a waveguide MZI 20 is shown in Fig.2a, its schematic diagram is shown on Fig.2a. Device
20 is fabricated on single substrate 21, where single-stage MZI 22 is formed by first and second waveguide couplers
23 and 24 and by two waveguides 22-1 and 22-2 of unequal length, l1 and l2, respectively. Coupling coefficients k1 and
k2 of couplers 32 and 24 are equal and divide optical power at ratio 50/50. One-stage MZI 22 has drops a and b at the
one side, and c and d at the other side. One-stage MZI 22 contains in arm 22-2 a phase shifter 25, that gives an additional
phase shift ϕ to phase of the current wave, and is a controllable element that is used for adjust of spectral characteristics
of MZI.
[0027] Value of phase shift ϕ is regulated with the help of thermo-optical or electro-optical effect by changing of electric
current or voltage. So, phase shifter 25 may be manufactured with the help of thermo-optical 1 material, for example,
silicone, or with the help of electro-optical material, for example, lithium niobate (LiNbO3) or gallium arsenide. Such
phase shifters are known in sphere of wavelength division multiplex technologies as instrument for adjustment of spectral
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characteristics of optical filters on the base of MZI, and also used in other devices - optical modulators and switches.
[0028] During transmission through the first input a of radiation of unit power the light intensiveness at two outputs c

v  d may be expressed with the help of transmission factors Kac(v,ϕ) and Kad(v,ϕ) as: 

where D=2πnΔLv/c is a phase delay, induced by the optical path difference between arms 22-1  22-2, ΔL = l1-l2, n is

the waveguide refractive index, v is the frequency, and c is the speed of light in vacuum.
[0029] During transmission through the adjacent port b intensities of light at ports "c" and "d" can be written with the
help of transmission factors Kbc(λ,ϕ) and Kbd(λ,ϕ) as: 

[0030] At any interval of frequencies v (or wavelength λ), transmission factors (1)4(4) become spectral characteristics
(or transmissions) of one-stage MZI. As we can see, specified spectral characteristics (1)4(4) are periodical functions
of light frequency v and wavelength λ, the physical length differences of their arms ΔL, the waveguide refractive index

n  phase ϕ. Efficiency of one-stage MZI is dependent on the following properties:

- separation between neighbor extremums in spectral characteristics (1)4(4) in frequency domain Δv and in wave-
length domain Δλ are: 

- spectral characteristics (1)4(4) corresponding to transfer of optical radiation from one of the inputs, a or b, to the
first c or the second d outputs are π out of phase;

- spectral characteristics do not change during substitution of two indexes, i.g. Kad(v,ϕ)=Kbc(v,ϕ) and Kac(v,ϕ)=Kbd(v,ϕ);
- changing value of phase shift ϕ, it is possible to change spectral characteristics (1)4(4), shifting them along fre-

quencies axe (or wavelength axe); in particular, during change of phase shift for δϕ = 6 π this will lead to inversion
of signals at outputs; and

- spectral characteristics do not change during change of direction of signal transmission, i.g. one-stage MZI is a
bidirectional device.

[0031] From these properties it is clear that during transmission of optical signal that contains several channels to
input of one-stage MZI, which frequencies (or wavelengths) coincide with positions of extremums in spectral character-
istics, the signal stream is divided into two streams, transmitted to different outputs. One such stream contains even
channels, other stream contains odd channels; in both streams spectral interval between the channels becomes larger
for two times than at the input of one-stage MZI. During transmission of the same signal to other input, even and odd
channels at the outputs change their places.
[0032] Since single-stage MZI is bidirectional device, it can combine two streams of optical signal, wherein one stream
contains odd channels and the other stream contains even channels, into a single, more densely spaced optical signal
stream. Devices that execute function of division of channels into even and odd channels and reverse function of
combining of even and odd channels into one stream are called as interleaver.
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[0033] Distance between adjacent extremums Δv (or Δλ) in spectral characteristics for real one-stage MZI must be
formed during its manufacturing by selection of respective differences in arm lengths ΔL and refraction index n. Con-
trollable tuning of positions of extreme values of transmission factors relative to the set frequencies {vi} (or wavelengths
{λi}) must be executed with the help of respective regulation of phase shift ϕ during use of one-stage MZI as optical filter
in a certain device.
[0034] Fig.3 shows spectral transmission factors Kac(v,ϕ) and Kad(v,ϕ) for single-stage MZI as functions of wavelength,
that at relevant phase delay D and phase shift ϕ may be used as 50 GHz interleaver. Spectral relation of transmission
factor Kac(v,ϕ) is shown by solid lines, according to which one channels stream - odd channels - is transmitted to the
output c; other spectral relation of transmission factor Kad(v,ϕ) is shown by dot lines - this relation is liable for transmission
of other channels stream even channels - to output d.
[0035] One drawback for the interleaver shown in Fig.3 is the non-flatness in passband and also the narrowness of
the stopband. Other significant disadvantage is that fact that at great difference in arms lengths ΔL there may be a
significant dispersion. These disadvantages limit application of single-stage MZIs in devices, used in systems with
wavelength-division multiplexing.
[0036] Significant improvement of spectral characteristics of optical filters for devices and systems of wavelength-
division multiplexing is provided by (US, 6782158,B), two-stage MZIs, that may be made as with the help of fiber-optical
couplers, beam splitters, mirror-prisms, polarizers and other elements, so in integral-optical version and may contain a
phase shifter.
[0037] Fig. 4a shows a scheme of waveguided variant of two-stage MZI 40, its block diagram is shown on Fig. 4b. In
device 40 three couplers 41, 42 and 43 are used, they have coupling coefficients k1, k2 and k3, respectively. Device 40
is fabricated on single substrate 46. The first single-stage MZI 44 is formed by two couplers 41 and 42 and two waveguides
44-1 and 44-2 of unequal length, l44-1 and l44-2 respectively. The second single-stage MZI 45 is formed by two couplers
42 and 43 and by two waveguides 45-1 and 45-2 of unequal length, l45-1 and l45-2, respectively. The phase delays
D1=2πn(l44-1- l44-2)/λ and D2=2πn(l45-1- l45-2)/λ are connected between each other like the following: D2 = 2·D1.
[0038] In MZI 44 and 45 phase shifters 47 and 48 are used; phase shifts, caused by these devices, are marked as ϕ
and φ, respectively. Two-stage MZI has outputs at the one side, a and b, and outputs at other side, e and f
[0039] Mathematically, the transmission characteristics of two-stage MZI assembly 40 may be obtained like the fol-
lowing. For three couplers 41-1, 41-2 and 41-3 it is necessary to enter matrixes T(ki) for (i =1,2,3), that relate the couplers
output optical amplitudes and the input optical amplitudes: 

and for two one-stage MZI 43 and 44 - matrixes T(D1) and T(D2): 

[0040] Then transmission matrix M(v,ϕ,φ) of two-stage MZI is determined as product of five matrixes: 

[0041] Since transmission factors of two-stage MZI relate the output optical intensities and the input optical intensities,
for their determination it is necessary to use the following expression: 

[0042] From Eq. (6)4(9) various properties of two-stage MZIs can be obtained. It is not hard to check that two-stage
MZI during transmission of radiation through inputs a and b remains interleaver device. During transmission of optical
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signal to input a of two-stage MZI channels stream will be divided into two streams; one stream will contain odd channels,
other - even channels. There is an important property of two-stage MZIs: during transmission of the same signal to other
input, input b on Fig. 4a, even and odd channels at the outputs e and f change their places.
[0043] Distances between adjacent extremums Δv and Δλ in spectral characteristics are also determined by expres-
sions (5), where ΔL is a difference in arms lengths in the first stage of two-staged MZI 40, i.g. ΔL=I44-I- I44-2. There is
still a possibility of regulation of spectral characteristics, now with the help of two phase shifts ϕ and φ. To shift spectral
characteristics Kac(v,ϕ,φ) and Kaf(v,ϕ,φ) over frequencies axe for value δv, it is necessary to change phases ϕ and φ
with the help of special devices: 

[0044] With the help of expressions (6)4(9) we can see that during transmission of signal through outputs e and f
there is no possibility to divide the signal into even and odd channels. This is because matrixes (6) and (7) are noncom-
mutable. So, two-stage MZI are not bidirectional devices - two port a and b at the one side may be used only as input
ports, and two other ports e and f at the other side may be used only as output ports, that’s why two-stage MZIs can not
be used in controllable optical add/drop multiplexer, shown on Fig. 1.
[0045] Fig. 5 shows transmission Kae(v,ϕ,φ) and Kaf(v,ϕ,φ) as functions of wavelength for the two-stage MZI, calculated
with the help of expressions (6)4(9). This two-stage MZI with coupling coefficients k1 =0.7854, k2 =2.0944, k3 = 0.3218,
and respective phase delays D1 and D2 and phases ϕ and φ may be used as 50 GHz interleaver. Spectral relation of
transmission factor Kae(v,ϕ,φ) is shown by solid lines, according to which one channels stream - odd channels - is
transmitted to the output e; other spectral relation of transmission factor Kaf(v,ϕ,φ) is shown by dot lines - this relation is
liable for transmission of other channels stream - even channels - to output f.
[0046] As we can see, two-stage MZI has better form of spectral characteristics - it is close to square channel shapes
that exhibit flat top and steep sides. That’s why two-stage MZI used as optical filter, provide better crosstack suppression
and channel isolation. However, a dispersion of two-stage MZI is rather high that restricts its application as optical filter
in communication systems with high speed of data transmission.
[0047] It is known that the situation may be improved by use of filters, obtained as a result of cascading of two-stage
MZIs. One of the variants of such devices provides use of two-stage MZIs with identical transmission and dispersions
that opposite in sign to, so called complementary two-stage MZIs. Complementation is provided by certain ration of
coupling coefficients kq, k2 and k3 in MZIs (US,6782158, B2).
[0048] Fig. 6a shows one of variants of multi-stage MZI 60 that may be used for segregation into odd and even
channels; block diagram of multi-stage MZI (MZI-3) is shown on Fig. 6b. device 60 in planar version is fabricated on
single substrate (crystal) 61, it has input port g, first output port p and second output port k and includes three two-stage
MZI that have first input a, second input b, first output e and second output f. In the first stage two-stage MZI 62 of type
I is used, in the second stage two two-stage MZI 63 and 64 of type I’ (dispersions are opposite in sign to) are used.
[0049] During transmission of the signal through input port g two-stage MZI 62 as usual separates even and odd
channels; at the second stage MZI 63 transmits odd channels to its first output e and further to outer first output port p,
and MZI 64 transmits even channels to its output f and further to outer second output port k. Since dispersions of two-
stage MZI 62 and two-stage MZIs 63 and 64 are opposite in sign to, dispersion of multi-stage MZI 60 is compensated
- zero or almost zero.
[0050] Unfortunately, multi-stage MZIs have a disadvantage: during transmission of optical signal through the second
input b of two-stage MZI 62 the streams with odd and even channels do not just change their places at the outputs of
two-stage MZIs 63 and 64, but are transmitted to other outputs then during transmission of optical signal through input
a (to outputs f and e of two-stage MZIs 63 and 64 respectively). This disadvantage limits use of multi-stage MZIs in the
first variant of application, discussed below (realization in controllable optical add/drop multiplexer).
[0051] A first example useful for understanding the invention of tunable optical add/drop multiplexer device 70 according
to the present invention, shown in FIG.7, meant for use in CWDM technology (in metro and access networks).
[0052] Multiplexer 70 includes one input port 71, one output pass+add port 72, one drop port 73, one add port 74 and
three optical filters 75-1, 75-2 and 75-3, that form a multi-stage structure. The device in planar form is integrated on a
common silicone substrate 76. Four ports 71-74 are made in the form of light guides. Filters of the three stages are
connected between each other and with waveguides 77, formed on silicone substrate. Dynamic control of the multiplexer
is executed by tuning of spectral characteristics of three filters 75-1, 75-2 and 75-3 during transmission of respective
voltage to phase shifters, present in all three filters. Control is executed with the help of controller 78 that is connected
with optical filters 75-1, 75-2 and 75-3 in electric bus 79.
[0053] As optical filters single-stage MZIs shown on Fig. 2a or two-stage MZIs shown on Fig. 4a may be used. The
filters of each stage, except the first one, by one of the inputs (a) and one of the outputs (c) is connected with one of the
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outputs (d) and one of inputs(b) of optical filter of the previous stage correspondingly; the first filter 75-1 is connected
by other input with input port 71 and by other output - with output port 72; the last filter 75-3 is connected by other input
with add port 74 and by other output - with drop port 73.
[0054] Let us notice, that connections of optical filters in device 70 are not the only possible variant, further we shall
describe another variant of connection of optical filters. Advantage of this connection is that fact that in planar version
of device 70 waveguides 77 are not crossed with each other.
[0055] Let us discuss a situation when 8-channel optical signal with frequency interval between the channels Δv =
2400 GHz (average interval between the channels Δλ ≈ 20 nm) is transmitted to the input of multiplexer 70. Since in this
example spectral interval between the channels is big, one-stage MZIs are used as interleaver (or optical filters).
[0056] To provide selected interval between the channels Δv=2400 GHz, for three one-stage MZIs the distances
between adjacent extremums in spectral characteristics (transmissions) are selected so, that during transfer to the next

one-stage MZI they grow for two times: ΔV75-1 = 2400 GHz, Δv75-2 = 4800 GHz  Δv75-3 = 9600 GHz. So, according

to expression (5) the difference of optical path ΔL of the three single-stage MZIs are the following: ΔL75-1 = 41,6 mkm,

ΔL75-2 = 20,8 mkm and ΔL75-3 = 10,4 mkm (it is supposed that n = 1,5). Central wavelengths of 8 channels at selected

spectral interval between the channels Δv may be located like the following: λ1-1608.5 nm, λ2= 1588.3 nm, λ3 = 1568.4

nm, λ4 = 1549.0 nm, λ5 = 1530.0 nm, λ6 = 1511.5 nm, λ7 = 1493.5 nm and λ8 = 1475.8 nm.

[0057] Let us suppose that at certain specified values of phases (ϕ*75-1) (ϕ*75-2  ϕ*75-3, that we specify as {ϕ*n},

for one of the waves, for example for wave v3, transmission from input port 71 to drop port 73 will be provided. It is clear

that these conditions will be observed during coincidence of maximum values of transmission factors of three filters at
wavelength λ3:

[0058] For better understanding of the device operation it is necessary to describe in details spectral characteristics
of three optical filters 75-1, 75-2 and 75-3.
[0059] At specified distances between adjacent extremums ΔF75-1, ΔF75-2 and ΔF75-3 and under conditions (11) trans-
mission factor K75-1

ad (v,ϕ*1) for optical filter 75- 1 has maximum value for odd waves v1, v3, v5 and v7 and minimum
value for even waves v2, v4, v6, and v8; transmission factor K75-2

ad(v,ϕ*2) for optical filter 75-2 has maximum values for
waves v3 and v7 and minimum values for waves v1 and v5; transmission factor K75-3

ad(v,ϕ*3)for optical filter 75-3 has
maximum value for wave v3 and minimal value for wave v7. It is also necessary to consider invariance of transmission
factors of one-stage MZIs during exchange of lower indexes.
[0060] So, multiplexed signal that contains 8 spectral channels is transmitted from optical network to input port 71.
Optical filter 75-1 according to its transmission factor K75-1

ac(v,ϕ*1) directs waves v1, v3, v5 and v7 to optical filter 75-2,
and waves v2, v4, v6 and v8 transmits to output port 72. Optical filter 75-2 according to its transmission factor K75-2

ad(v,ϕ*2)
transmits waves v3 and v7 to optical filter 75-3, and waves v1 and v5- back to optical filter 75-1, these waves transmit
the filter at K75-1

bc(ν1,ϕ*1)=K75-2
bc(ν5,ϕ*1)=1 and get to output port 72. Optical filter 75-3 directs wave v3 according to

transmission factor K75-3
ad(ν3,ϕ*3) to drop port 73, and returns wave v7 at K75-3

ad(ν3,ϕ*3) =1 at first to optical filter 75-2,
and then this wave v7 at K75-2

bc(v7,ϕ*2) =1 passes to optical filter 75-1, with the help of which it gets to output port 72
at K75-1

bc(ν7, ϕ*1)=1.
[0061] It is not hard to fix motion path of wave v’

3 (at that v’
3=v3), transmitted through add port 74. For this wave during

consequential transmission through three optical filters 75-1, 75-2 and 75-3 to output port 72 values of respective
transmission factors are equal to one: K75-3

bc(ν’3,ϕ*3) = K75-2
bc (ν’3,ϕ*2) = K75-1

bc(ν’3,ϕ*1)=1, that’s why wave v’
3 is

transmitted to output port 72.
[0062] So, connection of the second output of optical filters 75-2 and 75-3 with one of the inputs of the previous filter
provides recombining of new added channel v’

3 and channels that do not contain the selected channel v3, and their
transmission back to the first optical filter 75-1, from where they return to the optical network.
[0063] Let us discuss operation of device 70 in dynamic, when any selected channel may be subject to add/drop. For
this purpose it is necessary to change values {ϕn} of phase shifts for three optical filters, using expression (10). For
example, to go to add/drop mode of neighbor wave v 4, it is necessary to change phase shifts like the following: δϕ75-1=π,

δϕ75-2=π/2  δϕ75-3=π/4.

[0064] In Table 1 changes of phase shifts {δϕn}, required for add/drop of any of 8 channels, are specified.
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[0065] Note, that in Table 1 changes of the phase shifts {δϕn}, may be changed for equivalent ones {δϕvn}> such,
that δϕ = δϕn 6 2πn, where n =1, 2, ....
[0066] The second variant of a controllable optical add/drop multiplexer is provided for DWDM-systems. The scheme
of the multiplexer 80 after this variant is given on Figure 8. Let’s suppose that the signal on input contains 64 channels,
frequencies of the channels correspond to the ITU-standard and have spectral range between channels Δv=50 GHz.
[0067] The multiplexer has one input port 81, one output port 82, one drop port 83, one add port 84 and includes six
optic filters 85-1, 85-2, 85-3, 85-4, 85-5, 85-6, that also forming a multi-stage structure. Additionally a multiplexer contains
an combiner 86, that has seven inputs and output. All six filters and are integrated on a substrate 87. Four ports 81, 82,
83 and 84 are made in the form of light guides. Connection of the filters with waveguides, and also the rest connections
are done by means of waveguides 88.
[0068] Dynamic control of operation of the multiplexer is done by readjustment of spectral characteristics of six filters
85-1485-6 during transfer of phase shift of all six filters of corresponding voltages to the devices. Control is carried out
with the help of a controller 89 that is connected with optical filters by an electric bus-bar 89-1.
[0069] The fact that at input signal spectral channels are connected significantly closer to each other requires usage
of the elements with higher characteristics, specifically with better insulation of the channels, and also for usage of the
multiplexer at higher transfer speed, with little dispersion. At that it must be taken into account that cross talk in the
neighboring channels, and introduced dispersion also occur first of all in the filters of the first stages, where spectral
ranges between the channels are small on input, but differences in the arm lengths in MZI and correspondingly larger
introduced dispersion. In the next stages intervals between channels become bigger, and introduced dispersion - be-
comes smaller. Correspondingly the requirements to the optical filters in these stages can be lower.
[0070] That is why according to the second traced variant of the controllable optical add/drop multiplexer in the first
three stages multi-stage MZIs are used that are shown on Fig.6a, and in the subsequent stages - two-stage MZI that
are shown on Fig.4a. It is obvious that in this variant multiplexer 80 turns to be easier and cheaper in the production,
than if it would be done only on the basis of multi stage MZI.
[0071] Optical filters are connected successively with each other in such a way, that the first output of one filter is
connected with input of the other, the second output of each filter is connected with one of the inputs of the optical adder,
the input of the first filter 85-1 is connected with input port 81, output of the last filter 85-6 is connected with the drop port
83, and optical adder 86 is connected with input port 84 by one input, and by output - with output port 82.
[0072] Distances between proximate extremums in spectral characteristics of six optical filters are fixed in such a way
that during the transfer to the next optical filter they increase twice: Δν85-1=50 GHz, Δν85-2=100 GHz, Δν85-3=200GHz,
Δν85-4=400GHz, Δν85-5=800GHz and Δν85-6 = 1600GHz. Correspondingly, the difference of optical path ΔL of the MZIs
in the first stages of the operated multi-stage and two-stage MZI must be the following: ΔL85-1 = 2000 mkm, ΔL85-2=1000
mkm, ΔL 85-3= 500 mkm, ΔL85-4= 250 mkm, ΔL85-5= 125 mkm and ΔL85-6= 62,5 mkm.
[0073] Let us suppose, that for one wave, for example, for the wave v 3, at some fixed values of phases {ϕ*n} and
{φ*n}. Correspondingly, in the first and second stages of two staged MZI, that are used in all six optical filters, the similar
conditions are executed (11) that ensure travel time of the wave by trace from input port 81 to drop port 83.

[0074] Operation of device 80 at such phases {ϕ*n}  {φ*n} is carried out in such a way that input signal comes to

input port 81, optical filter 85-1 divides channels into two groups - a group of odd waves ν1, ν3, ...,ν63, that forward to

Table 1.

Frequencies of add/drop channels and respective changes of phase shifts {δϕn}

Channel number
Frequency of add/drop channels Changes of phase shifts {δϕn}

δϕ75-1 δϕ75-2 δϕ75-3

1 ν1 0 -π -© π

2 ν2 -π - © π - ¨ π

3 ν3 0 0 0

4 ν4 π © π ¨ π

5 ν5 0 π © π

6 ν6 π 1© · π ª π

7 ν7 0 0 π

8 ν8 π © π 1¨ · π
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optical filter 85-2, and a group of even waves ν2, ν4,...,ν64, that forward to optical combiner 86.

[0075] The process is repeated many times: optical filter 85-2 divides waves again and forwards waves ν3, ν7,..., ν59,
ν63 to the optical filter 85-3, and waves ν5, ν9,..,ν57, ν61 to the adder 86, and this process continuous up to the moment
when the last optical filter 85-6 at last will divide two waves ν3 and ν35 that arrive to it. As a result a wave ν3 that go to
the drop port 83 is separated, and all others 63 waves after passing through the adder 86 occur in output port 82. Wave
ν’3 that is input through the port 84 also goes to output port 82.
[0076] During operation of the multiplexer 80 in dynamic mode, that is required for provision of input/output of any
other waves, it is necessary to change values of phases {ϕn} and {φn} for all optical filters that are used according to the

expressions (10). As well as for the multiplier, that had been described above 70 (Fig.7), this condition is possible when
neither of waves are output; all pass through BOCC. Quantity of the devices of the phase shift in the third variant of the
multiplexer is significantly more than in the first variant, but the aim of the corresponding restructuring of phases {ϕn}

 {φn} does not rise principal difficulties.

[0077] Possible optical losses and different level of channels for passing channels may be compensated with a help
of usual devices that are used in techniques DWDM of optical amplifier and/or spectral equalizer.
[0078] The third variant of a controllable optical add/drop multiplexer may be also used in DWDM systems of wave
length division multiplexing according to the present invention. The circuit of the multiplexer 90 that corresponds to the
following variant is given on Fig.9. Let us believe that a signal on input contains 64 channels, frequency of the channels
correspond to the ITU-standard and have spectral range Δv = 50 GHz between the channels. Let us suppose also, that
frequencies of the channels in this case are kept within the limits of their nominals more strictly, and a speed of data
transfers is low. That is why the requirements to insulation of channels and introduced dispersion for operated optical
filters may be lowered in the second variant of realization of a controllable optical add/drop multiplexer.
[0079] The multiplexer 90 has one input port 91, one output port 92, one drop port 93, one add port 94 and includes
six optical filters 95-1, 95-2, 95-3, 95-4, 95-5 and 95-6, that form two multi-stage structures that contain: in the first
structure there are two optical filters 95-1 and 95-2, and in the second structure - four optical filters 95-3, 95-4, 95-5 and
95-6. Optical filters 95-1 and 95-2 are multi-stage MZI, that are shown on Fig. 6a, filters 95-3 and 95-4 - two-stage MZI,
that are shown on Fig.4a and filters 95-5 and 95-6 - by one stage MZI, that are given on Fig.2a.
[0080] The distance between proximate extremum in spectral characteristics of six optical filters are set in such a way
that during a transfer to the next optical filter it expands twice Δν95-1=50GHz, Δν95-2=100 GHz, Δν95-3=200GHz,
Δν95-4=400GHz, Δν95-5=800GHz and Δν95-6=1600GHz.
[0081] Additionally the multiplexer 90 contains an optical combiner 96 that has three inputs and one output. All six
filters and adder are integrated on an uniform substrate 97. Four ports 91494 are made of the light guides. Connection
of filters with light guides, and also all other connections are done with the waveguides 98.
[0082] The embodiment of the invention multiplexer (90) is a combination of the multiplexers of the first and second
variant. The first two optical filters 95-1 and 95-2 are connected successively as like as in the multiplexer 80 with
connection of second outputs to the optical adder and form the first multi stage structure. The second multi stage structure
with four optical filters is given on Fig. 9 in the form of optical filters situated in line; in this second structure optical filters
are connected with each other in such a way, as in the multiplexer 70, each filter, except the first one, is connected by
one of the inputs and one of the outputs correspondingly to one of the outputs and one of the inputs of the previous filter.
[0083] One of the inputs of the first optical filter 95-1 is connected with input port 101, one of the outputs of the last
optical filter 95-6 is connected with output port 103 and one of the inputs of the last optical filter 95-6 is connected with
the input port 94. The third input of the optical adder is connected with one of the outputs of the optical filter 95-3, the
output of the adder is connected with output port 92.
[0084] Dynamic control of operation of the multiplexer is carried out by readjustment of the spectral characteristics of
six filters 95-1495-6 during supply of corresponding voltages to the devices of a phase shift of all six filters. Control is
done with a help of a controller 99, which is connected to optical filters of all optical filters by an electric bus bar 99-1.
Functioning of the multiplexer that consists of two multi-stage structures of the optical filters, in each structure is carried
out similar to the functioning of the first and second variants of realization of the multiplexer traced above.
[0085] In the third variant of realization of the controllable optical add/drop multiplexer in more general case of add/drop
of one channel from a set of channels 2N, the multiplexer must include two multi-stage structures of optical filters: the
first structure on multistage MZI (Fig.6a) with number of stages N] and the second structure of optical filters on one stage
MZI (Fig.2a) or/and on two stage MZI (Fig.4a) with total number of stages in the second structure N2.
[0086] Total number of optical filters must be Ni + N2 = N, the distance between proximate extremums in spectral
characteristics of six optical filters must be set in such a way, that during transfer to the next optical filter it increased
twice. Separately quantity of one-stage, two-stage and multi-stage MZI must be chosen on the basis of the requirements
to the spectral range between the channels Δv and data transfer speed. Important factor of choice of optical filters that
are used in the both structures may be a cost of the multiplexer production.
[0087] Additional functionality of the three variants of the multiplexer according to the present invention consists in
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possibility of operation of those devices in the mode that provides drop and passing without adding of new signals on
optical carrying dropping channels at one time for one or several separate channels; at that all the other channels as
usual are to be transferred to the output port.
[0088] Let us illustrate additional functional possibility by the example of the second variant of the multiplexer 80
(Fig.8). Let 32 channels go to the input port 81, for example, waves ν14ν32, and it is necessary to drop and pass channel

with optical frequency v3. In order to realize such mode (let’s call it "drop/pass" mode), it is necessary to keep phase

shifts (ϕ*n}  {φ*n} corresponding to the traced case of add/drop of wave ν3, for all optical filters except the last one,

and value of the phase shift ϕ6  φ6 for the last optical filter 85-6 must be fixed in such a way that division of optical

power 50:50 was provided for wave v3.

[0089] In a similar way at corresponding adjustment of phases {ϕn} and {φn} of all six optical filters it is possible to
provide the following mode for any other wave. In order to make mode of "drop/passing" for two channels, for example,
with frequencies v3 and v19, it is necessary to readjust phase shiftings for the filter 85-6, in order to have a division 50:50
for waves v3 and v19. It is easy to continue description of the corresponding changes of phase shiftings in optical filters
for provision of mode of "drop/passing" of the other pairs of channels, and also 4 and more channels.
[0090] In the described variants of the multiplexer according to the present invention one strategy of work is used. It
lies in usage of multi stage structure of optical filters on the basis of nonsymmetric MZI. Optical filter of each stage,
except the filter of the last stage, is connected with input of the filter in the next stage. For each filter coefficients of
transfer on carrier frequencies that arrive to inputs of the channels have extremum values: for odd channels - minimal
values, for even channels - maximum values, and vice versa.
[0091] During passing of multi channel optical signal through a multi stage structure in each filter division of the channels
into two groups is carried out, one - containing odd, the other containing even channels, at that in one group there is a
channel that is the subject of add/drop. Spectral characteristics of the optical filters are adjusted in such a way that the
group that is forwarded to the optical filter in the next stage, always contains chosen channel; as a result only one
channels arrives to the drop port - chosen channel of add/drop.
[0092] All the rest channels together with added channel are united and directed to the output port. Multiplexing of
channels is done with a help of additional connectors between filters using characteristics of their transmission coefficients,
or with the help of an optical adder. Thus a selective add/drop of one channel is carried out, at that required spectral
characteristics of the channels and minimal dispersion is ensured.
[0093] Operational principle, characteristics and possible variants of realization of the present invention had been
described above by the examples of operation of corresponding devices in the optical systems, in which wave lengths
corresponded to ITU-standard. That is why in the traces examples multiplexers functioned as reconfigurable add/drop
optical multiplexers ROADM.
[0094] But controllable add/drop optical multiplexers according to the present invention are more flexible and multi
purpose than usual ROADM, as they may be used controllable optical add/drop multiplexers in the systems where optical
wave length of the channels may be readjusted, and that is why they require corresponding readjustment of spectral
characteristics of multiplexers. Required readjustment of spectral characteristics may be easily done with the help of
phase shifting devices that are located in optical filters, similar as it had been shown on examples described above.
[0095] Electro-optical devices as well as thermo-optical may by used as phase shifting devices in all variants, at that
electro optical devices of phase shifting may guarantee extremely high speed of restructuring of spectral characteristics
of the multiplexer.
[0096] Application of the integral-optical technologies for production seems to be a decisive factor for the fact that
multiplexers of the present invention correspond to the requirements that are imposed to the devices of similar purpose
- big quantity of channels, environment resistance, high operation speed and etc.
[0097] Application in the structure of the devices of unified type elements - one-stage, two-stage and/or multi-stage
MZI, - will make possible to use automated technological operations, that in its turn with ensure technical characteristics
and relatively low cost of production of the multiplexers.
[0098] Choice of this or that variant of execution of a controllable selective add/drop of one channel and a controllable
optical add/drop multiplexer according to the invention, and also optical filters that are used in them - one-stage, two-
stage and multi-stage MZI, - may be carried out taking into account specific character of the definite optical connection
system that is used in them.
[0099] The traced examples clarify operational principle, characteristics and possible variants of the present invention
structure. Specialists in a sphere of fiber-optic communication systems must understand that within the frames of the
present invention other modifications and alternative variants of design of controllable optical add/drop multiplexers are
possible that do not outside the framework of the invention formula.
[0100] The controllable optical add/drop multiplexers according to the present invention may be used in fiber optic
communication systems with wavelength division multiplexing, including communication long-haul telecommunication
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systems, in which technologies DWDM are used, and in metro and access networks, in which technology CWDM is used.
[0101] Controllable optic multiplexer as per the present invention can be realized by means of existing integrated-
optical technology. Use of integrated-optical technology in manufacturing is determinative in order that the controllable
optic multiplexer according to the present invention had necessary stability to external actions, large amount of channels
and fast response. Use of unified build-in-unit in structure - single-stage and/or two-stage and/or multi-stage MZIs allows
apply automated processing procedures that will provide high characteristics and relatively low manufacturing cost of
multiplexers.
[0102] The examples discussed above explain a principle of operation, characteristics and possible versions of structure
of the present invention. It is apparent to those skilled in the art that modifications and alternative embodiments can be
made without departing substantially from the teachings of the invention.

Claims

1. A controllable optical add/drop multiplexer (90) provided with 2N of wavelength-division multiplexing channels, whose
optical frequencies at a constant frequency separation Δv between adjacent two channels are retunable, the con-
trollable optical add/drop multiplexer comprising:

an input (91) being adapted to receive a multi-channel optical signal (In), an add port (94) being adapted to
receive a new channel (Add) on the optical frequency of a drop channel, an output port (92) being adapted to
output a multi-channel optical signal (Out) and a drop port (93), being adapted to output said drop channel
(Drop), wherein
said controllable optical add/drop multiplexer (90) comprises an N-stage structure (90), having a first (90a) multi-
stage structure being series connected to a second (90b) multi-stage structure and a combiner (96) having at
least three inputs and one output, wherein said first (90a) multi-stage structure has at least two stages (95-1,
95-2), each stage (95-n), at n=1, 2, ... , N, containing an optical filter having one input and two outputs and each
filter having a transmission in form of a periodic function with a spectral separation between two adjacent extrema
Δνn=2n-1Δν and having a possibility of controllable tuning transmission, wherein the input of the first stage (95-1)
of the first multi-stage structure forms the input (91) for the multi-channel optical signal (In), and wherein the
input of the following stage (95-2) is coupled with one of the outputs of the previous stage (95-1), and the second
outputs of the optical stages (95-1, 95-2) are coupled to inputs of said combiner (96), and wherein said second
(90b) multi-stage structure has at least two stages (95-3, 95-4, 95-5, 95-6), each stage (95-n), at n=1, 2, ... , N,
containing an optical filter having two inputs and two outputs and each filter having a transmission in form of a
periodic function with a spectral separation between two adjacent extrema Δνn=2n-1Δν and having a possibility
of controllable tuning transmission, wherein one input of the first stage (95-3) of said second (90b) multi-stage
structure is coupled to the first output of the last stage (95-2) of said first (90a) multi-stage structure and the
following stages (95-4, 95-5, 95-6) of said second (90b) multi-stage structure are connected in series such that
the first input of one stage is coupled to the first output of a preceding stage, and wherein the first output of the
last stage (95-6) of said second (90b) multi-stage structure forms said drop port (93),
wherein
said add port (94) is connected to a second input of said optical filter of the last stage (95-6) of said second
multi-stage structure, and the second outputs of the optical filters of each stage (95-4, 95-5, 95-6) except the
first one (95-3) of said second (90b) multi-stage structure are coupled with a second input of said optical filter
of the previous stage (95-3, 95-4, 95-5), and the second output of the first stage (95-3) of said second (90b)
multi-stage structure is coupled to an input of said combiner (96), wherein the output of said combiner (96)
forms the output port (92), wherein choosing a channel that is subject of an add/drop operation is done by tuning
said optical filter of each stage (95-1, 95-2, 95-3, 95-4, 95-5, 95-6) in such a way that transmission from input
to output has a maximum on the optical frequency of said chosen channel by means of a controller (99); and
adding a new channel (Add) on the frequency of the drop channel.

2. The controllable optical add/drop multiplexer of claim 1, wherein said optical filters (95-1, 95-2, 95-3, 95-4, 95-5,
95-6) of each stage of said N-staged structure are single-stage nonsymmetrical Mach-Zehnder interferometers (20)
and/or two-stage nonsymmetrical Mach-Zehnder interferometers (40).

3. The controllable optical add/drop multiplexer of claim 1 or 2, wherein a distance between proximate extrema in
spectral characteristics of six optical filters are set in such a way that during a transfer to the next optical filter it
expands twice.
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4. The controllable optical add/drop multiplexer of any of claims 1 to 3, wherein all filters (95-1, 95-2, 95-3, 95-4, 95-5,
95-6) and the combiner (96) are integrated on a uniform substrate (97).

Patentansprüche

1. Steuerbarer optischer Add-Drop-Multiplexer (90), der mit 2N Wellenlängenmultiplexkanälen ausgestattet ist, deren
optische Frequenzen bei einer konstanten Frequenztrennung Δv zwischen zwei benachbarten Kanälen wiederab-
stimmbar sind, wobei der steuerbare optische Add-Drop-Multiplexer umfasst:

einen Eingang (91), der zum Empfangen eines optischen Mehrkanalsignals (In) ausgelegt ist, einen Add-Port
(94), der zum Empfangen eines neuen Kanals (Add) auf der optischen Frequenz eines Drop-Kanals ausgelegt ist,
einen Ausgangsport (92), der zum Ausgeben eines optischen Mehrkanalsignals (Out) ausgelegt ist, und einen
Drop-Port (93), der zum Ausgeben des Drop-Kanals (Drop) ausgelegt ist, wobei der steuerbare optische Add-
Drop-Multiplexer (90) eine N-Stufenstruktur (90) mit einer ersten (90a) mehrstufigen Struktur, die in Reihe mit
einer zweiten (90b) mehrstufigen Struktur verbunden ist, und einen Kombinator (96) mit mindestens drei Ein-
gängen und einem Ausgang umfasst, wobei die erste (90a) mehrstufige Struktur mindestens zwei Stufen (95-1,
95-2) aufweist, wobei jede Stufe (95-n) bei n=1, 2, ...., N, ein optisches Filter mit einem Eingang und zwei
Ausgängen enthält und jedes Filter eine Übertragung in Form einer periodischen Funktion mit einer spektralen
Trennung zwischen zwei benachbarten Extrema ΔVn=2n-1ΔV hat und die Möglichkeit einer steuerbaren Ab-
stimmübertragung hat, wobei der Eingang der ersten Stufe (95-1) der ersten mehrstufigen Struktur den Eingang
(91) für das mehrkanalige optische Signal (In) bildet und wobei der Eingang der folgenden Stufe (95-2) mit
einem der Ausgänge der vorherigen Stufe (95-1) gekoppelt ist, und die zweiten Ausgänge der optischen Stufen
(95-1, 95-2) mit den Eingängen des Kombinators (96) gekoppelt sind, und wobei die zweite (90b) mehrstufige
Struktur mindestens zwei Stufen (95-3, 95-4, 95-5, 95-6) aufweist, wobei jede Stufe (95-n), bei n= 1, 2, ...., N,
ein optisches Filter mit zwei Eingängen und zwei Ausgängen enthält und jedes Filter eine Übertragung in Form
einer periodischen Funktion mit einer spektralen Trennung zwischen zwei benachbarten Extrema ΔVn=2n-1Δv
hat und die Möglichkeit einer steuerbaren Abstimmungsübertragung hat, wobei ein Eingang der ersten Stufe
(95-3) der zweiten (90b) mehrstufigen Struktur mit dem ersten Ausgang der letzten Stufe (95-2) der ersten (90a)
mehrstufigen Struktur gekoppelt ist und die folgenden Stufen (95-4, 95-5, 95-6) der zweiten (90b) mehrstufigen
Struktur in Reihe geschaltet sind, so dass der erste Eingang einer Stufe mit dem ersten Ausgang einer vorher-
gehenden Stufe gekoppelt ist, und wobei der erste Ausgang der letzten Stufe (95-6) der zweiten (90b) mehr-
stufigen Struktur den Drop-Port (93) bildet, wobei der Add-Port (94) mit einem zweiten Eingang des optischen
Filters der Endstufe (95-6) der zweiten mehrstufigen Struktur verbunden ist und die zweiten Ausgänge der
optischen Filter jeder Stufe (95-4, 95-5, 95-6) mit Ausnahme der ersten (95-3) der zweiten (90b) mehrstufigen
Struktur mit einem zweiten Eingang des optischen Filters der vorherigen Stufe (95-3, 95-4, 95-5) gekoppelt sind
und der zweite Ausgang der ersten Stufe (95-3) der zweiten (90b) mehrstufigen Struktur mit einem Eingang
des Kombinators (96) gekoppelt ist, wobei der Ausgang des Kombinators (96) den Ausgangsanschluss (92)
bildet, wobei die Auswahl eines Kanals, der Gegenstand einer Add-Drop-Operation ist, erfolgt durch Abstimmen
des optischen Filters jeder Stufe (95-1, 95-2, 95-3, 95-4, 95-5, 95-6) derart, dass die Übertragung vom Eingang
zum Ausgang ein Maximum auf der optischen Frequenz des gewählten Kanals mittels einer Steuerung (99)
aufweist; und Hinzufügen eines neuen Kanals (Add) auf die Frequenz des Drop-Kanals.

2. Steuerbarer optischer Add-Drop-Multiplexer nach Anspruch 1, wobei die optischen Filter (95-1, 95-2, 95-3, 95-4,
95-5, 95-6) jeder Stufe der N-stufigen Struktur einstufige, unsymmetrische Mach-Zehnder-Interferometer (20)
und/oder zweistufige, unsymmetrische Mach-Zehnder-Interferometer (40) sind.

3. Steuerbarer optischer Add-Drop-Multiplexer nach Anspruch 1 oder 2, wobei ein Abstand zwischen benachbarten
Extrema in den spektralen Charakteristika von sechs optischen Filtern so eingestellt ist, dass er sich während einer
Übertragung auf das nächste optische Filter zweimal ausdehnt.

4. Steuerbarer optischer Add-Drop-Multiplexer nach einem der Ansprüche 1 bis 3, wobei alle Filter (95-1, 95-2, 95-3,
95-4, 95-5, 95-6) und der Kombinator (96) auf einem einheitlichen Substrat (97) integriert sind.

Revendications

1. Multiplexeur optique à insertion/extraction commandable (90) pourvu de 2N canaux de multiplexage par division de
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longueur d’onde, dont les fréquences optiques à une séparation de fréquence constante Δv entre deux canaux
adjacents sont réaccordables, le multiplexeur optique à insertion/extraction commandable comprenant :

une entrée (91) adaptée à recevoir un signal optique multicanal (In), un port d’insertion (94) adapté à recevoir
un nouveau canal (Add) sur la fréquence optique d’un canal d’extraction,
un port de sortie (92) adapté à délivrer un signal optique multicanal (Out) et un port d’extraction (93) adapté à
délivrer ledit canal d’extraction (Drop),
lequel multiplexeur à insertion/extraction commandable (90) comprend une structure à N étages (90) ayant une
première structure à plusieurs étages (90a) connectée en série à une deuxième structure à plusieurs étages
(90b) et un combineur (96) ayant au moins trois entrées et une sortie,
ladite première structure à plusieurs étages (90a) ayant au moins deux étages (95-1, 95-2), chaque étage (95-
n), avec n=1, 2, .... N, contenant un filtre optique ayant une entrée et deux sorties et chaque filtre ayant une
transmission sous la forme d’une fonction périodique avec une séparation spectrale entre deux extrema adja-
cents Δνn=2n-1Δν et ayant une possibilité de transmission d’accord commandable, dans lequel l’entrée du
premier étage (95-1) de la première structure à plusieurs étages forme l’entrée (91) pour le signal optique
multicanal (In), et dans lequel l’entrée de l’étage suivant (95-2) est couplée à l’une des sorties de l’étage
précédent (95-1), et les deuxièmes sorties des étages optiques (95-1, 95-2) sont couplées aux entrées dudit
combineur (96), et dans lequel ladite deuxième structure à plusieurs étages (90b) a au moins deux étages
(95-3, 95-4, 95-5, 95-6), chaque étage (95-n), avec n=1, 2, ... N, contenant un filtre optique ayant deux entrées
et deux sorties et chaque filtre ayant une transmission sous la forme d’une fonction périodique avec une sépa-
ration spectrale entre deux extrema adjacents Δνn=2n-1Δν et ayant une possibilité de transmission d’accord
commandable, dans lequel une entrée du premier étage (95-3) de ladite deuxième structure à plusieurs étages
(90b) est couplée à la première sortie du dernier étage (95-2) de ladite première structure à plusieurs étages
(90a) et les étages suivants (95-4, 95-5, 95-6) de ladite deuxième structure à plusieurs étages (90b) sont
connectés en série de telle sorte que la première entrée d’un étage est couplée à la première sortie d’un étage
précédent, et dans lequel la première sortie du dernier étage (95-6) de ladite deuxième structure à plusieurs
étages (90b) forme ledit port d’extraction (93), dans lequel
ledit port d’insertion (94) est connecté à une deuxième entrée dudit filtre optique du dernier étage (95-6) de
ladite deuxième structure à plusieurs étages,
et les deuxièmes sorties des filtres optiques de chaque étage (95-4, 95-5, 95-6) à l’exception de la première
(95-3) de ladite deuxième structure à plusieurs étages (90b) sont couplées à une deuxième entrée dudit filtre
optique de l’étage précédent (95-3, 95-4, 95-5), et la deuxième sortie du premier étage (95-3) de ladite deuxième
structure à plusieurs étages (90b) est couplée à une entrée dudit combineur (96), dans lequel la sortie dudit
combineur (96) forme le port de sortie (92), dans lequel le choix d’un canal qui fait l’objet d’une opération
d’insertion/extraction est effectué en accordant ledit filtre optique de chaque étage (95-1, 95-2, 95-3, 95-4, 95-5,
95-6) de telle sorte que la transmission de l’entrée à la sortie présente un maximum sur la fréquence optique
dudit canal choisi au moyen d’un dispositif de commande (99) ; et en ajoutant un nouveau canal (Add) sur la
fréquence du canal d’extraction.

2. Multiplexeur optique à insertion/extraction commandable selon la revendication 1, dans lequel lesdits filtres optiques
(95-1, 95-2, 95-3, 95-4, 95-5, 95-6) de chaque étage de ladite structure à N étages sont des interféromètres de
Mach-Zehnder asymétriques à un étage (20) et/ou des interféromètres de Mach-Zehnder asymétriques à deux
étages (40).

3. Multiplexeur optique à insertion/extraction commandable selon la revendication 1 ou 2, dans lequel une distance
entre des extrema proches dans les caractéristiques spectrales de six filtres optiques est réglée de telle sorte qu’elle
est multipliée par deux lors d’un transfert au filtre optique suivant.

4. Multiplexeur optique à insertion/extraction commandable selon l’une quelconque des revendications 1 à 3, dans
lequel tous les filtres (95-1, 95-2, 95-3, 95-4, 95-5, 95-6) et le combineur (96) sont intégrés sur un substrat uniforme
(97).
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